ABSTRACT: Twelve genotypes (varieties, hybrids, mutant and hybrid lines) of sorghum (Sorghum bicolor (L.) Moench) were studied. The objective of the study was to determine the popping performance and to establish the relationships with some biochemical parameters (content of crude proteins, starch, moisture) and grain characteristics (pericarp color, grain width, 1000-grain weight). Popping yield of sorghum grain genotypes was in range 32.0% -72.0%. The highest influence on popping yield had 1000-grain weight (r = 0.831), starch content (r = -0.356), followed by moisture content (r = 0.212) and crude proteins (r = 0.282). It was found that the endosperm of the seeds expanded poorly in most genotypes with white coloring of the pericarp (from 33.3 to 90.1%), while for those with a dark-colored seed pericarp, the expansion was from 50.0% to 160.0%. Mutant line M1 (6282) (dark brown color of the pericarp) and hybrid line 1643 (white color of the pericarp) stood out with relatively better popping characteristics and particle size of popped grains. This study demonstrated one of the qualities of sorghum grain-poppability and opportunities for enrichment of the genetic diversity for the breeding program in this culture.
INTRODUCTION
Sorghum (Sorghum bicolor (L.) Moench) is the world's fifth major cereal in terms of production. Sorghum is believed to originate in the areas of North Africa, where it is predominantly grown to provide a livelyhood for the local population. Nowadays in industrialized countries and some developing countries, sorghum is known as fodder and technical culture and is grown for grain and green mass, silage, sugar syrup, etc. In Bulgaria, the areas under sorghum were over 66000 ha in 2014, according to data from the Department of Agrostatistics at the Ministry of Agriculture, Food and Forestry (MAFF, 2014) . According to these data, Bulgaria is ranked 69 th in the world.
Worldwide over the last decades, sorghum was also used for the production of biofuels (Liu and Lin, 2009; Ottman, 2009; Manea et al., 2010) . Sorghum, in a number of areas, mainly in Asia and Africa, is used in traditional medicine (Duke and Wain, 1981) , as well as in the preparation of unleavened bread and pulp for the production of flour, pops, flakes, or in the brewing industry (Baskaran et al., 1999) . Flour from sorghum is used in the production of new healthy gluten-free foods (Baskaran et al., 1999) . This application of sorghum raises consumer interest mainly in the US and a number of European countries. In the food industry white grain sorghum is used due to unobtrusive color and taste (Parker et al., 1999; Duodu et al., 2001 ; Kayode et al. 2007 ). The physicochemical, nutritional and anti-nutritional properties of darker and pigmented varieties were also studied (Saravanabavan et al., 2011) .
In response to the constantly changing tastes of the consumers and popping quality of sorghum, over the past decades, sorghum has been used in one of the most important areas of the food industry -socalled fast foods. Puffing and popping are the simplest, inexpensive and quick traditional methods for preparation of readyto-eat snack products (Mishra et al., 2014 
MATERIAL AND METHODS
In the experimental field of the Institute of Forage Crops, Pleven, Bulgaria, a comparative study was carried out within the sorghum breeding field program, on Sorghum bicolor (L.) Moench grains of various origins (variety, lines and hybrids) ( Table  1) .
From each sorghum genotype (Sorghum bicolor (L.) Moench), averaged samples of 500 grams of seeds (manually cleaned from impurities, damaged and broken grains) were prepared to determine some grain characteristics in eight replications (grain width, mm; weight per 1000 seeds, g; moisture, % (AOAC, 2000) and grain pericarp coloration). Biochemical analyses included the determination of crude proteins by Kjeldahl's classic method and starch by Ewers polarimetric method (Yermakov et al., 1972) and were made in two replications.
The popping quality for all studied genotypes (Table 1 ) was determined after preliminary wetting of 100 seeds in eight replications by using the following modified expression (Mishra et al., 2014) :
where D f  Final diameter of popped sorghum; D i  Initial diameter of pretreated sorghum. The seeds of each sample were moistened by dipping for 1 minute in heated (up to 100 °C) distilled water, and then dried (Hamad, 2006) . The seeds of samples were popped by the conventional method in a closed hot air vessel (Mishra et al., 2014) . Quantitative ratio of popped, partially i.e. semi-popped and unpopped was determined in all genotypes of sorghum.
Statistical analysis
Relationships between some parameters and characteristics of sorghum grain were examined by Pearson correlation coefficients (p<0.05). Replicates were averaged. Simple correlation coefficient (r x1, x2 ) was then obtained for all studied indicators relative to one another. The statistical processing of the experimental data was carried out with a Statistica Software Package version 10 (StatSoft, Inc., 2011) by One-way ANOVA. Fisher's Least-Significant-Difference (LSD) test was used at the p < 0.05 probability level.
RESULTS AND DISCUSSION
Popping of sorghum grains can be related to differences in chemical (protein, starch, fat, ash, moisture, dry matter, etc.), morphological (size, shape of the grain) and physical properties (glassiness, hardness of the seed coat, etc.) of the seeds (Hamad, 2006; Saravanabavan et al., 2011; Mishra et al., 2014). These properties determine the quality characterristics and poppability of the grains.
There were differences in the grain moisture within the individual genotypes, which ranged from 9.18 to 9.97%, while the crude protein content was between 6.25 and 12.01% on dry matter (d.m.) ( Table 2) .
From the data in Tables 1 and 2 , it seems that the genotypes with dark pericarp (red to dark brown) had higher crude proteins f (7.00% -12.01%), whereas those with a brighter coloration from 6.25 to 11.42%. Figure 1 shows the proportion of popped:semipopped:unpopped grains which is an important parameter to describe the popping quality.
Popping yield or total number of popped sorghum grains (sum of partially popped and fully popped grains) varied greatly, from 32.0% (hybrid line 1673) to 72.0% (hybrid line 16113). The number of semipopped grains also varied over a wide range from 8.7 to 50.0%. The observed differences within varieties can be explained by genetic differences, because the comparisons were made under equal conditions. (Table 3 ). The quantity of sorghum pops was determined by the total number of semi-popped and popped grains, as well as by the size of sorghum pops ( Figure 2 ). During popping, the percentage of expansion ratio was the lowest (33.3%) in the hybrid line BBO and the highest (160.0%) in the mutant line M1 (6282) which yielded the biggest sorghum pops.
Larger sorghum pops were found to be derived from genotypes with a higher weight per 1000 seeds (r = 0.420) and a lower starch content (r = -0.801). In the dark-colored genotypes (M1 (6282), 16113 and 16122), expansion ratio was the highest (from 130.0 to 160.0%), whereas in those with white pericarp expansion the ratio ranged from 33.3% (BBO hybrid line) to 90.1% (line 1643) ( Figure 3 ).
The obtained results can be explained with genetic differences among genotypes, as the comparisons were made under the same conditions.
However, under different conditions (other genotypes, grain preparation steps, with presence or absence of grain conditioning, manner and duration of storage of grain, etc.), it can be expected that the results will be different, since popping is determined by a complex of multiple factors.
This study conducted with randomly selected genotypes and breeding materials, focused on the popping properties and performance of sorghum grains. The investigation of grain chemical composition and popping quality are prerequisites for enriching genetic diversity and increasing the efficiency of the sorghum breeding process.
CONCLUSIONS
Popping yield of the investigated sorghum genotypes ranged from 32.0% to 72.0%. The strongest influence on the popping yield had the weight of 1000 seeds (r = 0.831), the starch content (r = -0.356), followed by moisture content (r = 0.212) and crude proteins (r = 0.282).
The increase in endosperm during grain popping was the highest in genotypes with white colored pericarp (from 33.3 to 90.1%) whereas in those with dark colored pericarp the increase ranged from 50.0 to 160.0 %.
Mutant line M1 (6282) (dark brown coloration of the pericarp) and hybrid line 1643 (white coloration of the pericarp) ranked the best with a relatively higher popping yield and larger size of the popped grains. This study demonstrated one of the qualities of sorghum grain and the ability to assist in the course of the breeding process and enrichment of genetic diversity in this culture. 
